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(57) ABSTRACT

A system configured to deliver pressurized gas to an airway of
a subject 1 accordance with a predetermined therapeutic
algorithm. The system includes a pressure generator that gen-
erates a pressurized tlow of breathable gas and a circuit that
communicates the pressurized flow of breathable gas from the
pressure generator to the airway of the subject. In order to
facilitate the delivery of the pressurized gas to the airway of
the subject 1n accordance with the predetermined therapeutic
algorithm, a resistance of the circuit to gas flow 1s supple-
mented so that the overall resistance of the circuit is at or near
a predetermined level.

15 Claims, 8 Drawing Sheets
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RESISTANCE MATCHING IN A PATIENT
CIRCUIT

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This patent application claims the priority benefit under 35
U.S.C. §119(e) of U.S. Provisional Application No. 61/121,

589 filed on Dec. 11, 2008, the contents of which are herein
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1mvention relates to supplementing the resistance to
gas flow 1n a circuit configured to deliver gas to a subject 1n
order to bring the overall resistance of the circuit to a prede-
termined level that corresponds to an assumed level of resis-
tance accounted for an a therapeutic algorithm.

2. Description of the Related Art

Systems that deliver pressurized tlows of breathable gas to
subjects are known. In these systems, a circuit generally
carries the gas from a pressure generator to the airway of a
subject. These circuits can be configured 1n accordance with
individual preferences of the subject. For example, the inter-
face appliance (e.g., the mask), the circuit length, the physical
flexibility of the circuit, and/or other features of the circuit can
be configured by the subject. Generally, different circuit con-
figurations will have different resistances to gas flow.

Generally, a system delivers a pressurized flow of breath-
able gas to a subject 1n accordance with a predetermined
therapeutic algorithm. The algorithm dictates one or more of
the parameters of the gas (e.g., pressure, flow rate, composi-
tion, temperature, humidity, etc.) delivered to the subject over
time. Since some of the parameters of the gas provided to the
subject vary within the circuit between the pressure generator
and the airway of the subject due to the resistance within the
circuit, some conventional systems account for the resistance
within the circuit. Typically, this involves controlling the
pressure generator to adjust the parameters of the gas as 1t 1s
emitted by the pressure generator to account for the resistance
of the circuit.

SUMMARY OF THE INVENTION

One aspect of the invention relates to a circuit that defines
a gas flow path between a pressure generator and an airrway of
a subject to enable the provision of gas from the pressure
generator to the airway of the subject. In one embodiment, the
circuit comprises an interface appliance, a conduit, and one or
more flow limiting features. The interface appliance 1s con-
figured to provide gas to and receive gas from an airway of a
subject, with the interface appliance forming a flow path
between a conduit interface opening and one or more subject
interface openings. The one or more subject interface open-
ings communicate gas between the airway of the subject and
the interior of the interface appliance, and the flow path
formed by the mterface appliance between the conduit inter-
face opening and the one or more subject interface openings
has a first resistance to gas tlow. The conduit forms a flow path
between a first opening and a second opening, wherein the
first opening receives gas from a pressure generator, wherein
gas within the tlow path formed by the conduit 1s communi-
cated to the conduit interface opening of the interface appli-
ance via the second opening, and wherein the tlow path
formed by the conduit between the first opening and the
second opening has a second resistance to gas flow. The one
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or more flow limiting features are disposed within the circuat,
and provide a supplemental resistance to gas flow within the
circuit. The overall resistance to gas flow within the circuit 1s
a function, at least 1n part, of an aggregation of the first
resistance, the second resistance, and the supplemental resis-
tance, and the one or more flow limiting features are config-
ured such that the supplemental resistance increases the over-
all resistance to gas tlow within the circuit to a predetermined
resistance.

Another aspect of the invention relates to a method of
providing a circuit that defines a gas flow path between a
pressure generator and an airway of a subject to enable the
provision of gas from the pressure generator to the airway of
the subject. In one embodiment, the method comprises con-
figuring a circuit that forms a flow path for delivering gas
from a pressure generator to an airway of the subject, with the
circuit comprising an interface appliance and a conduit. The
interface appliance 1s configured to provide gas to and recerve
gas from an awrway of a subject, and forms a flow path
between a conduit interface opening and one or more subject
interface openings. The one or more subject interface open-
ings communicate gas between the airway of the subject and
the interior of the interface appliance, and the flow path
formed by the interface appliance between the conduit inter-
face opening and the one or more subject interface openings
has a first resistance to gas flow. The conduit forms a flow path
between a first opening and a second opening, wherein the
first opening recerves gas from a pressure generator, wherein
gas within the flow path formed by the conduit 1s communi-
cated to the conduit interface opening of the interface appli-
ance via the second opening, and wherein the flow path
formed by the conduit between the first opening and the
second opening has a second resistance to gas tflow. The
method may further comprise supplementing the overall
resistance of the circuit to gas flow so that the overall resis-
tance of the circuit to gas flow reaches a predetermined resis-
tance, wherein supplementing the overall resistance of the
circuit comprises mncluding within the circuit one or more
flow limiting features, the one or more tflow limiting features
providing a supplemental resistance to gas flow within the
circuit that increases the overall resistance of the circuit to the
predetermined resistance.

Another aspect of the invention relates to a circuit that
defines a gas flow path between a pressure generator and an
airway of a subject to enable the provision of gas from the
pressure generator to the airway of the subject. In one
embodiment, the circuit comprises means for interfacing the
circuit with the airway of a subject to provide gas to and
receive gas from the airway of the subject, wherein the means
for interfacing has a first resistance to gas tlow; means for
conveying gas between a pressure generator and the means
for interfacing, wherein the means for conveying gas has a
second resistance to gas tlow; means for limiting gas tlow
within the circuit, the means for limiting gas flow providing a
supplemental resistance to gas flow within the circuit;
wherein the overall resistance to gas flow within the circuit 1s
a function, at least 1n part, of an aggregation of the first
resistance, the second resistance, and the supplemental resis-
tance, and wherein the means for limiting gas flow are con-
figured such that the supplemental resistance increases the
overall resistance to gas tlow within the circuit to a predeter-
mined resistance.

These and other objects, features, and characteristics of the
present mvention, as well as the methods of operation and
functions of the related elements of structure and the combi-
nation of parts and economies of manufacture, will become
more apparent upon consideration of the following descrip-




US 8,813,745 B2

3

tion and the appended claims with reference to the accompa-
nying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding
parts in the various figures. It 1s to be expressly understood,
however, that the drawings are for the purpose of 1llustration
and description only and are not intended as a definition of the

limits of the invention. As used 1n the specification and 1n the
claims, the singular form of “a”, “an”, and “the” include

plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system 10 configured to deliver a pres-
surized flow of gas to the airway of a subject, in accordance
with one or more embodiments of the invention;

FIG. 2 1s a plot of flow vs. resistance for a plurality of
different interface appliances;

FI1G. 3 15 a plot of tlow and pressure vs. time as a pressur-
1zed tlow of breathable gas 1s delivered to a subject, 1n accor-
dance with one or more embodiments of the invention;

FI1G. 4 illustrates a system 10 configured to deliver a pres-
surized tlow of gas to the airway of a subject, 1n accordance
with one or more embodiments of the invention;

FIG. § illustrates a system 10 configured to deliver a pres-
surized tlow of gas to the airway of a subject, 1n accordance
with one or more embodiments of the invention;

FI1G. 6 illustrates a system 10 configured to deliver a pres-
surized flow of gas to the airway of a subject, in accordance
with one or more embodiments of the invention;

FIG. 7 1llustrates a resistance module having a variable
resistance to the flow of gas, according to one or more
embodiments of the invention; and

FIG. 8 1s a flow chart illustrating a method of providing a
circuit that defines a tlow path between a pressure generator
and an airrway of a subject, 1n accordance with one or more
embodiments of the mnvention.

(Ll

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

FIG. 1 illustrates a system 10 configured to deliver a pres-
surized flow of gas to the airway of a subject 12 for therapeu-
tic purposes. For example, system 10 may deliver the pres-
surized flow of gas to the airway of the subject as part of a
Positive Airway Pressure (“PAP”) treatment, as part of a
ventilation therapy, and/or for other therapeutic purposes. In
one embodiment, system 10 includes one or more of a circuit
14 and a pressure generator 16.

Circuit 14 defines a gas flow path between pressure gen-
erator 16 and the airway of subject 12. As such, circuit 14 1s
configured to deliver the pressurized tflow of gas from pres-
sure generator 16 to the airway of subject 12. In one embodi-
ment, circuit 14 includes one or more of an interface appli-
ance 18, a conduit 20, and a connecting module 22.

Interface appliance 18 1s configured to provide gas to and
receive gas from the airway of subject 12. Interface appliance
18 forms a flow path between a conduit interface opening 24
and one or more subject interface openings 26 (e.g., one as
shown 1n FIG. 1, two 1n the case of a nasal cannula, etc.).
Conduit interface opening 24 communicates gas between the
interior of interface appliance 18 and the rest of circuit 14, and
subject interface opening 26 communicates gas between the
airway of subject 12 and the interior of interface appliance 18.
Interface appliance 18 may include may include either an
invasive or non-invasive appliance for communicating gas
between circuit 14 and the airway of subject 12. For example,
interface appliance 18 may include a nasal mask, nasal/oral
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mask, total face mask, nasal cannula, endotracheal tube,
LMA, tracheal tube, and/or other interface appliance.

The flow path formed between conduit interface opening
24 and subject interface opening 26 has a resistance to gas
flow referred to herein as the first resistance, and represented
in FI1G. 1 as R,. The resistance to gas flow of a tlow path may
be quantified 1n terms of the pressure drop across the flow
path. As will be appreciated, the resistance of a particular
embodiment of interface appliance 18 will be a function of the
physical properties of mterface appliance 18. For example,
the resistance of a particular embodiment of interface appli-
ance 18 may depend on one or more of the number of subject
interface openings 26, the size of subject interface openings
26 and conduit interface opening 24, the shape of the tlow
path formed by interface appliance 18, the distance between
conduit interface opening 24 and subject interface opening(s)
26, and/or other physical properties of the particular embodi-
ment of mterface appliance 18.

Conduit 20 forms a flow path between a first opening 28
and a second opening 30. First opening 28 receives gas from
pressure generator 16. Gas within the flow path formed by
conduit 20 1s communicated to conduit interface opening 24
via second opening 30. In one embodiment, conduit 20 1s
flexible. The flow path formed between first opening 28 and
second opening 30 has a resistance to gas flow referred to
herein as the second resistance, and represented 1n FIG. 1 as
R,. The second resistance 1s a function of the physical prop-
erties of conduit 20. For example, the second resistance may
be a function of one or more of the length of the flow path
formed by conduit 20, the cross-sectional shape and/or area of
conduit 20, the smoothness of the walls of conduit 20, and/or
other physical properties of conduit 20.

Connection module 22 1s configured to connect the flow
path formed by conduit 20 with the flow path formed by
interface appliance 18. As such, connection module 22 forms
a flow path between a first opening 32 and a second opening
34. Generally, to enhance the comfort of using interface appli-
ance 18, connection module 22 may include an elbow bend
and/or swivel that causes the flow path formed by connection
module 22 to bend and/or swivel during use. In one embodi-
ment, connection module 22 includes one or more exhaust
openings or valves that operate to exhaust gas exhaled by
subject 12 into circuit 14 (e.g., to atmosphere). It should be
appreciated that in one embodiment, circuit 14 does not
include a connection module. In this embodiment, conduit 20
may connect directly to iterface appliance 18.

The flow path formed between first opening 32 and second
opening 34 has a resistance to gas flow referred to herein as
the third resistance, and represented 1 FIG. 1 as R;. The
resistance of a particular embodiment of connection module
22 will be a function of the physical properties of interface
connection module 22. For example, the resistance of a par-
ticular embodiment of conduit module 22 may depend on one
or more of the number of exhaust openings, the position of
any exhaust openings, the shape of the flow path formed by
conduit module 22, the cross-sectional shape and/or size of
conduit module 22, the length of the tlow path formed by
conduit module 22, and/or other physical properties of the
particular embodiment of iterface appliance 18.

Resistance to gas flow 1s an additive property. As such, the
overall resistance to gas flow of circuit 14 shown 1in FIG. 1 can
be determined from an aggregation of the resistances of the
individual components. For example, for the embodiment
shown in F1G. 1, the overall resistance to gas flow of circuit 14
may be determined as the sum of the first resistance, the
second resistance, and the third resistance.
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Although circuit 14 shown 1n FIG. 1 1s a single-limbed
circuit, this 1s not itended to be limiting. The principles
discussed herein would be practicable with a double-limbed
circuit (with one branch being configured to exhaust exhaled
gas) to one skilled 1n the art.

Pressure generator 16 1s configured to generate a pressur-
ized tlow of breathable gas for delivery to the airway of
subject 12 by circuit 14. One or more parameters of the
pressurized tlow of breathable gas generated by pressure gen-
erator 16 may be controlled by pressure generator 16 for
therapeutic purposes. For example, pressure generator may
control one or more of the pressure, the tlow rate, the com-
position, and/or other parameters of the pressurized flow of
breathable gas. In one embodiment, pressure generator 16
includes a gas source 36 and a pressure support device 38.

(Gas source 36 includes a body or bodies of gas from which
pressure support device 38 generates the pressurized tlow of
breathable gas that 1s delivered to subject 12. Gas source 36
may 1nclude any supply of breathing gas, such as, for
example, ambient atmosphere, a tank of pressurized gas, a
wall gas source, and/or other bodies of breathable gas. The
breathing gas from gas source 36 can be any breathable gas,
such as air, oxygen, an oxygen mixture, a mixture of a breath-
ing gas and a medication, which can be 1n gaseous form (e.g.,
nitric oxide, nebulized, etc.), and/or other breathable gases.

Pressure support device 38 includes one or more mecha-
nisms for controlling one or more parameters of the flow of
breathable gas released from pressure support device 38 to
circuit 14. For example, pressure support device 38 may
include one or more of a valve, a blower, a piston, a bellows,
and/or other mechanisms for controlling one or more param-
cters of the flow of breathable gas.

In one embodiment, pressure support device 38 controls
one or more of the parameters of the pressurized flow of
breathable gas 1n accordance with a predetermined algorithm
that provides a therapeutic benefit to subject 12. By way of
non-limiting example, pressure support device 38 may con-
trol one or more of the pressure and/or tlow rate of the breath-
able gas to facilitate respiration, support the airway of subject
12, to adjust the composition of gas breathed by subject 12,
and/or for other therapeutic purposes.

As was mentioned above, resistance to gas flow within
circuit 14 will cause a pressure drop between first opening 28
of conduit 20, where gas 1s introduced to circuit 14, and
patient interface opening 26 of patient interface appliance 18,
where gas 1s communicated between circuit 14 and subject
12. This pressure drop 1s a function of flow. By way of 1llus-
tration, FI1G. 2 1s a plot of tlow versus pressure drop in circuits
including interface appliances with different resistances. The
appliances with higher resistances (e.g., nasal cannula sys-
tems, nare pillow interfaces, etc.) are represented by the plots
that indicate relatively high pressure drops across the circuit
at the higher flows, and appliances with lower resistances
(e¢.g., oral-nasal masks, etc.) are represented by the plots that
indicate relatively low pressure drops across the circuit at
higher flows. As a frame of reference, pressure support
devices generate about 120 LPM of flow at 20 cmH,O of
pressure. As can be seen 1n FIG. 2, the loss of pressure within
the circuit at typical operating levels 1s not trivial. Further, the
relative differences in the losses caused by differently con-
figured circuits 1s also sigmificant.

FIG. 3 1s a plot that shows flow vs. time for a single
breathing cycle for a tlow of pressurized gas generated by a
pressure generator 1n accordance with a therapeutic algorithm
that dictates the pressure and flow of the gas as the gas leaves
the pressure generator. On the same axis, the pressure vs. time
at an interface appliance delivering the pressurized flow of
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gas to the arrway of a subject 1s shown for three separate
circuit configurations. The three circuit configurations
include a high resistance configuration, a low resistance con-
figuration, and a medium resistance configuration. As can be
seen 1n FIG. 3, the relative resistance level of the circuit can
significantly impact the pressure levels experienced by the
subject 1 relative circuit resistance 1s not accounted for 1n
generating the pressurized flow of breathable gas.

Generally, the overall resistance of a circuit 1s a function of
the individual resistances of the components forming the
circuit (e.g., the interface appliance, the conduit, the connect-
ing module, etc.). Typically, these components are inter-
changeable to enable the subject to configure a circuit that 1s
suited to his liking. For example, the subject may include a
conduit that 1s longer or shorter, the subject may include a
mask or a nasal cannula as the interface appliance based on
personal preference, and/or may otherwise configure circuit
14 with components based on personal preference.

Some conventional systems disregard the variability of
circuit resistance caused by circuit customization. These sys-
tems assume resistance to be some predetermined value even
though this assumption 1s likely not valid and, to some extent,
may 1mpact the delivery of the pressurized flow of breathable
gas to the subject (e.g., as 1s demonstrated 1n FIGS. 2 and 3).
In other conventional systems, to account for variation in
overall circuit resistant caused by the componentry selected
by the subject for inclusion in the circuit, measurements of the
overall resistance may be made, and then the parameters of
the pressurized flow of breathable gas generated by the pres-
sure generator are adjusted based on the measured resistance.
However, accounting for circuit resistance in this manner
causes the control of the pressure generator to be relatively
complicated, and may be susceptible to maccuracies 1n the
measurement of circuit resistance.

FIG. 4 1llustrates an embodiment of system 10 1n which
circuit resistance 1s accounted for without making adjust-
ments to the parameters of the pressurized tlow of breathable
gas generated by pressure support device 38 that are specific
to the components used to form circuit 14. In this embodi-
ment, rather than adjusting the parameters of the pressurized
flow of breathable gas as the gas leaves pressure support
device 38 to account for a specific circuit configuration, the
overall resistance of circuit 14 1s elevated to a predetermined
level.

The overall resistance of circuit 14 1s elevated to a prede-
termined level by the inclusion 1n circuit 14 of one or more
flow limiting features. The one or more flow limiting features
are features are provided within circuit 14 for the purpose of
supplementing the overall circuit resistance. By way of non-
limiting example, the one or more tlow limiting features may
include one or more of an extended length, an increased or
decreased diameter, an 1rregular cross-section, a surface fin-
1sh, a turn or elbow, corrugations, a lumen hose with pressure
pick-off in-lining, increased or decreased exhaust purging,
and/or other features.

In one embodiment, at least one of the one or more flow
limiting features 1s provided integrally with one or more of
the previously discussed components of circuit 14. For
example, 1n FI1G. 4, conduit 20 1s depicted including a section
40 having one or more flow limiting features therein to
supplement the resistance of circuit 14. The amount of
supplemental resistance provided by the one or more tlow
limiting features included in section 40 of conduit 20 may be
determined at the time of manufacture based on other physi-
cal properties of conduit 20. For mnstance, 1f conduit 20 1s
relatively short and/or has a relatively large cross-sectional
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area, the one or more flow limiting features included in sec-
tion 40 of conduit 20 are formed to have a relatively large
supplemental resistance.

Similarly, 1 conduit 20 1s relatively long and/or has a
relatively small cross-sectional area, the one or more flow
limiting features included 1n section 40 of conduit 20 are
tormed to have a relatively small supplemental resistance. In
this manner, a set of conduits having different physical prop-
erties (e.g., different length, flexibility, cross-section, etc.)
can be manufactured to have a common resistance (e.g., the
conventional circuit resistance plus the supplemental resis-
tance provided by section 40). Thus, no matter which of the
set of conduits subject 12 selects for inclusion 1n circuit 14,
the overall resistance of circuit 14 will not be impacted.

As another example of one or more tlow limiting features
provided integrally with one or more of the previously dis-
cussed components of circuit 14, i FIG. 4, interface appli-
ance 18 1s depicted as including a section 42 1n which one or
more flow limiting features are formed so as to supplement
the overall resistance of circuit 14. The amount of supplemen-
tal resistance to include 1n section 42 of interface appliance 18
by virtue of the one or more flow-limiting structures 1s deter-
mined at the time of manufacture based on other physical
properties of mterface appliance 18 that impact resistance. I
the physical properties of interface appliance 18 cause the
resistance of intertace appliance 18 to be relatively low (e.g.,
for a oral-nasal mask), then the one or more tlow limiting
features included 1n section 42 of interface appliance 18 are
formed to have a relatively large supplemental resistance.

Similarly, 1f the physical properties of interface appliance
18 cause the resistance of interface appliance 18 to relatively
high (e.g., for a nasal cannula), the one or more flow limiting
teatures included in section 42 of interface appliance 18 are
formed to have a relatively small supplemental resistance.
Thus, for a circuit including any of a variety of different types
ol interface appliances, resistance for the circuit will still be
the same (e.g., the conventional circuit resistance plus the
supplemental resistance provided by section 42).

It should be appreciated that sections 40 and 42 are not the
only sections of circuit 14 in which flow limiting features may
be disposed to supplement the resistance of circuit 14.
Instead, these two sections are provided only as examples.
One skilled 1n the art will recognize a plurality of other
sections of circuit 14 1n which flow limiting features may be
disposed to supplement the resistance circuit 14 to a prede-
termined level to facilitate the delivery of the pressurized tlow
of gas generated by pressure support device 38 to the arrway
of subject 12 with levels at or near the airway of subject 12
that are dictated by a predetermined algorithm.

FI1G. S 1llustrates an embodiment of system 10 in which the
impact ol overall circuit resistance on parameters of the pres-
surized flow of breathable gas generated by pressure support
device 38 1s accounted for without making adjustments to the
generation of the pressurized tlow of breathable gas that are
specific to the components used to form circuit 14. In the
embodiment shown 1n FIG. 5, the overall resistance of circuit
14 1s supplemented to a predetermined level regardless of the
individual components used to form circuit 14. In particular,
the overall resistance of circuit 14 1s elevated to a predeter-
mined level by selectably inserting one or more resistance
modules 44, each having a supplemental resistance associ-
ated therewith, into circuit 14.

A given resistance module 44 forms a flow path between a
first opening 46 and a second opening 48. One or more flow
limiting features are disposed in the flow path formed by
resistance module 44 between first opening 46 and second
opening 48. The one or more flow limiting features may
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include one or more of an extended length, an 1ncreased or
decreased diameter, an 1rregular cross-section, a surface fin-
ish, a turn or elbow, corrugations, and/or other features.

In one embodiment, individual resistance modules 44 have
different supplemental resistances associated therewith, and
subject 12 1nserts the resistance module(s) 44 into circuit 14
that correspond to other components selected by subject 12
for inclusion within circuit 14. For example, 1f subject 12
includes a interface appliance 18 within circuit 14 with a
relatively small resistance (e.g., an oral-nasal mask), subject
12 may 1nsert one of resistance modules 44 1nto circuit 14 (or
an appropriate combination of two or more resistance mod-
ules 44) that has a relatively large supplemental resistance,
thereby ensuring that the overall resistance of circuit 14 will
reach a predetermined level. As another example, 11 subject
12 includes a interface appliance 18 within circuit 14 with a
relatively large resistance (e.g., a nasal cannula), subject 12
may insert one of resistance modules 44 1nto circuit 14 that
has a relatively small supplemental resistance to provide cir-
cuit 14 with the predetermined level of overall resistance.

In one embodiment, resistance modules 44 are provided to
subject 12 with a description of the types of circuit compo-
nentry with which they should be used. For instance, a resis-
tance module 44 having a relatively high supplemental resis-
tance may be provided to subject 12 with instructions and/or
indicia that indicates that this resistance module 44 should be
included 1n a circuit with a mask that includes an oral-nasal
mask system. Similarly, a resistance module 44 having a
somewhat lower supplemental resistance may be provided to
subject 12 with instructions and/or indicia indicating that this
resistance module 44 should be included 1n a circuit with a
mask that includes a nasal mask system (which would have a
resistance lower than an oral-nasal mask system and higher
than a nasal cannula). By following the instructions and/or
indicia accompanying the provided resistance modules 22,
subject 12 will be able to configure a circuit having an overall
resistance that is at or near the predetermined level of resis-
tance. In turn, this will facilitate the provision of the pressur-
1zed tlow of gas to subject 12 according to the appropriate
treatment algorithm with an enhanced precision.

In one embodiment, resistance module 44 may be 1nserted
in circuit 14 between pressure generator 16 and conduit 20
(e.g., with first opening 46 of resistance module 44 releasably
engaged with first opening 28 of conduit 20). However, this
should not be seen as being limiting. In one embodiment, one
or more resistance modules 44 may be selectably inserted
within circuit 14 between conduit 20 and connecting module
22, between connecting module 22 and interface appliance
18, between conduit 20 and interface appliance 18 (i the
embodiment does not include connecting module 22), and/or
at other points within circuit 14.

FIG. 6 illustrates an embodiment of system 10 1n which the
impact of overall circuit resistance on parameters of the pres-
surized flow of breathable gas generated by pressure support
device 38 1s accounted for without making adjustments to the
generation of the pressurized tlow of breathable gas that are
specific to the components used to form circuit 14. In the
embodiment shown 1n FIG. 6, the overall resistance of circuit
14 1s supplemented to a predetermined level by a resistance
module 44 having an adjustable supplemental resistance. The
supplemental resistance 1s made adjustable by providing one
or more flow limiting features that can be manipulated to
provide more or less resistance within the flow path of resis-
tance module 44. For example, the one or more flow limiting
features may include a valve with an adjustable valve opening
s1ze, a movable piston, a bend, and/or other flow limiting
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teatures. The supplemental resistance of resistance module
44 may be adjustable automatically and/or manually.

In one embodiment, the supplemental resistance of resis-
tance module 44 1s adjusted automatically based on one or
more parameters of the gas within circuit 14. In this embodi-
ment, one or more sensors (not shown) monitor one or more
parameters of the gas within circuit 14 (e.g., flow rate, pres-
sure, etc.). Information generated by the one or more sensors
1s used to manipulate the one or more flow limiting features
within the flow path of resistance module 44 such that the
supplemental resistance of resistance module 44 1s adjusted
to bring the overall resistance of circuit 14 to (or near) a
predetermined resistance level. The processing functionality
required to determine the appropriate manipulation of the
flow limiting features and/or to control the automatic manipu-
lation of the flow limiting features may be provided by a
processor (not shown) that 1s part of pressure support device
38 or a processor that 1s external and separate from pressure
support device 38.

In one embodiment, the supplemental resistance of resis-
tance module 44 1s adjusted automatically 1n a more passive
manner. By way of illustration, FIG. 7 illustrates an embodi-
ment of resistance module 44 in which the pressure within
circuit 14 1s implemented to manipulate the one or more flow
limiting features of resistance module 44. In the embodiment
shown 1n FIG. 7, resistance module 44 forms a piston cham-
ber 50 that communicates with the flow path between first
opening 46 and second opening 48 and a chamber opening 52
formed on a surtace of resistance module 44 away from first
opening 46 and second opening 48. Resistance module 44
turther includes a piston 54 that i1s slidably disposed within
chamber 52. The cross-section of piston 34 1s tapered at an
end of piston 54 disposed within chamber 350. Piston 54 is
biased (e.g., via spring-loading) down into chamber 50. By
virtue of this bias and the tapering of piston 54, the position of
piston 34 changes as the pressure within circuit 14 fluctuates.
More specifically, as the pressure within circuit 14 increases
piston 34 1s driven out of chamber 50, thereby decreasing the
supplemental resistance of resistance module 44. Similarly,
as the pressure within circuit 14 decreases piston 54 moves
turther into chamber 50, which increases the supplemental
resistance of resistance module 44.

If an interface appliance (e.g., interface appliance 18 in
FIG. 1) connected to circuit 14 has a relatively high resistance
(¢.g., anasal cannula), then the pressure within circuit 14 wall
be relatively high (due to the high resistance of the interface
appliance). By contrast, 11 an interface appliance connected to
circuit 14 has a relatively low resistance (e.g., an oral-nasal
mask), the pressure within circuit 14 will be relatively low
(due to the low resistance of the interface appliance). Thus,
tor the interface appliance with the high resistance, the pres-
sure within circuit 14 will drive piston 54 of resistance mod-
ule 44 further out of chamber 50 than the pressure within
circuit 14 11 the mterface applicant has a low resistance. This
causes the supplemental resistance of resistance module 44 to
be greater for instances 1n which the resistance of the interface
appliance 1s relatively low and less for instances 1n which the
resistance of the interface appliance 1s relatively high, thereby
supplementing the overall resistance of circuit 14 to maintain
the overall level of resistance at or near a predetermined level
regardless of the relative resistance of the interface appliance
(and/or other components in circuit 14).

Returming to FIG. 6, in one embodiment, the supplemental
resistance of resistance module 44 1s manually adjustable. In
this embodiment, resistance module 44 includes a control
(not shown) that 1s manually engagable by subject 12 to
manipulate the one or more flow limiting features in resis-
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tance module 44. The control may include a plurality of
control settings that each correspond to different levels of
supplemental resistance. In some instances, the control 1s
indexed to the plurality of control settings. In order to facili-
tate proper adjustment of the supplemental resistance by sub-
ject 12, in one embodiment, subject 12 1s provided with
instructions and/or indicia that inform subject 12 which of the
control settings resistance module 44 should be set to based
on components that have been selected for insertion 1n circuit
14.

FIG. 8 illustrates a method 356 of providing a circuit that
defines a flow path between a pressure generator and an
airway ol a subject to enable the provision of gas from the
pressure generator to the airway of the subject. The opera-
tions of method 56 presented below are intended to be 1llus-
trative. In some embodiments, method 56 may be accom-
plished with one or more additional operations not described,
and/or without one or more of the operations discussed. Addi-
tionally, the order 1n which the operations of method 20 are
illustrated in FIG. 8 and described below 1s not intended to be
limiting.

At an operation 58, a circuit 1s configured that forms a tlow
path for delivering gas from a pressure generator to the airway
of a subject. The circuit may include one or more of a conduat,
an 1nterface appliance, and/or a connection module. In one
embodiment, the circuit 1s similar to or the same as circuit 14
(shown 1n FIGS. 1 and 4-6, and described above).

At an operation 60, the circuit 1s connected to a pressure
generator configured to generate a pressurized tlow of breath-
able gas. The pressure generator may include one or both of a
gas source and/or a pressure support device. In one embodi-
ment, the pressure generator 1s the same as or similar to
pressure generator 16 (shown i FIGS. 1 and 4-6, and
described above).

At an operation 62, the overall resistance of the circuit 1s
supplemented so that the overall resistance of the circuit to
gas flow reaches a predetermined resistance. The predeter-
mined resistance may be a level of resistance that the pressure
generator accounts for in generating the pressurized flow of
breathable gas. In some 1nstances, operation 62 includes dis-
posing one or more flow limiting features within the flow path
formed by the circuit. The one or more flow limiting features
may be formed integrally with the circuit, or may be selec-
tively mserted into the circuit. In one embodiment, operation
62 includes selectively 1nserting a resistance module 1nto the
circuit that 1s the same as or similar to resistance module 44
(shown 1n FIGS. 4-7, and described above).

At an operation 64, the pressurized flow of breathable gas
generated by the pressure generator 1s delivered to the subject
through the circuait.

Although the invention has been described 1n detail for the
purpose of illustration based on what 1s currently considered
to be the most practical and preferred embodiments, 1t 1s to be
understood that such detail 1s solely for that purpose and that
the invention 1s not limited to the disclosed embodiments, but,
on the contrary, 1s intended to cover modifications and
equivalent arrangements that are within the spirit and scope of
the appended claims. For example, 1t 1s to be understood that
the present invention contemplates that, to the extent pos-
sible, one or more features of any embodiment can be com-
bined with one or more features of any other embodiment.

What 1s claimed 1s:
1. A system configured to deliver a pressurized flow of gas
to an airrway of a subject, comprising:
a pressure generator configured to generate the pressurized
flow of gas and control one or more parameters of the
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pressurized flow of gas using a predetermined algorithm
based on and accounting for a predetermined circuit
resistance level; and

a circuit selectively configurable by the subject that defines

a gas flow path between the pressure generator and the
airway of the subject, wherein the circuit, when selec-
tively configured by the subject, includes:

an interface appliance configured to provide gas to and

receive gas from the airway of the subject, the interface
appliance forming a tlow path between a conduit inter-
face opening and one or more subject iterface open-
ings, wherein the one or more subject interface openings
communicate gas between the airrway of the subject and
the mterior of the interface appliance, and wherein the
tlow path formed by the interface appliance between the
conduit mterface openming and the one or more subject
interface openings has a first resistance to gas tlow;

a conduit that forms a flow path between a first opeming and

a second opening, wherein the first opening receives gas
from the pressure generator, wherein gas with the tlow
path formed by the conduit 1s communicated to the con-
duit interface opening of the interface appliance via the
second opening, and wherein the flow path formed by
the conduit between the first opening and the second
opening has a second resistance to gas flow; and

one or more flow limiting features disposed within the

circuit, the one or more flow limiting features structured
to provide a predetermined supplemental resistance to
gas flow within the circuit, and wherein the overall resis-
tance to gas flow within the circuit 1s a function, at least
in part, of an aggregation of the first resistance, the
second resistance, and the predetermined supplemental
resistance, and wherein the predetermined supplemental
resistance 1s chosen such that the predetermined supple-
mental resistance increases the overall resistance to gas
flow within the circuit to the predetermined circuit resis-
tance level when the circuit 1s selectively configured to
include the mterface appliance and the conduit.

2. The system of claim 1, wherein the one or more flow
limiting features comprise at least one flow limiting feature
formed integrally on the interface appliance.

3. The system of claim 2, wherein the at least one flow
limiting feature formed integrally on the interface appliance
comprises a restriction on gas flow formed at or near the
conduit interface opening.

4. The system of claim 1, further comprising a removable
resistance module indicated as corresponding to the interface
appliance and the conduit and forming a flow path between a
first module opening and a second module opening, the
removable resistance module having at least one of the one or
more flow limiting features disposed in the flow path between
the first module opening and the second module opening,
wherein removable resistance module 1s selectably insertable
into the circuit to increase the overall resistance to gas flow
within the circuit to the predetermined circuit resistance level
when the circuit 1s selectively configured to include the inter-
face appliance and the conduit.

5. The system of claim 4, wherein the removable resistance
module 1s selectably insertable into the circuit by releasably
engaging the first module opening with the first opening of the
conduit or the conduit interface opening of the interface appli-
ance.

6. The system of claim 5, wherein the removable resistance
module 1s further selectably insertable into the circuit by
releasably engaging the second module opening with the
second opening of the conduit.
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7. The system of claim 4, turther comprising a connection
module that connects the flow path formed by the conduit
with the flow path formed by the interface appliance, the
connection module forming one or more exhaust openings
configured to exhaust gas exhaled by the subject from the
circuit, wherein the connection module has a third resistance
to gas tlow, and wherein the overall resistance to gas flow
within the circuit 1s a function, at least 1n part, of an aggrega-
tion of the first resistance, the second resistance, the third
resistance, and the predetermined supplemental resistance.

8. The system of claim 7, wherein the removable resistance
module 1s selectably 1nsertable into the circuit by releasably
engaging the first module opening with the connection mod-
ule.

9. The system of claim 1, further comprising a plurality of
removable resistance modules indicated as corresponding to
the interface appliance and the conduit, wherein each of the
removable resistance modules forms a flow path that s select-
ably insertable into the circuit and includes at least one of the
one or more tlow limiting features.

10. A method of providing a pressurized tflow of gas to an
airrway of a subject, comprising:

configuring a circuit that forms a flow path for delivering

gas from a pressure generator to the airway of the sub-

ject, the circuit comprising:

an mtertace appliance configured to provide gas to and
receive gas from the airway of the subject, the inter-
face appliance forming a flow path between a conduit
interface opening and one or more subject mtertace
openings, wherein the one or more subject interface
openings communicate gas between the airway of the
subject and the interior of the interface appliance, and
wherein the flow path formed by the interface appli-
ance between the conduit interface opening and the
one or more subject interface opemings has a first
resistance to gas tlow; and

a conduit that forms a tlow path between a {irst opening
and a second opening, wherein the {first opening
receives gas from the pressure generator, wherein gas
within the flow path formed by the conduit 1s commu-
nicated to the conduit interface opening of the inter-
face appliance via the second opening, and wherein
the flow path formed by the conduit between the first
opening and the second opening has a second resis-
tance to gas tlow;

supplementing the overall resistance of the circuit to gas
flow so that the overall resistance of the circuit to gas
flow reaches a predetermined circuit resistance,
wherein supplementing the overall resistance of the
circuit comprises including within the circuit one or
more tlow limiting features, the one or more flow
limiting features providing a predetermined supple-
mental resistance to gas tlow within the circuit that
increases the overall resistance of the circuit to the
predetermined circuit resistance;

generating the pressurized flow of gas and controlling
one or more parameters of the pressurized flow of gas
in the pressure generator using a predetermined algo-
rithm based on and accounting for the predetermined
circuit resistance level; and

delivering the pressurized flow of gas to the subject
through the circuait.

11. The method of claim 10, wherein the one or more tflow
limiting features comprise at least one tlow limiting feature
formed integrally on the 1nterface appliance.

12. The method of claim 10, wherein including within the
circuit one or more flow limiting features comprises select-
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ably inserting a removable resistance module indicated as
corresponding to the interface appliance and the conduit into
the circuit, the removable resistance module forming a flow
path between a first module opening and a second module
opening, the removable resistance module having at leastone 5
of the one or more flow limiting features disposed 1n the flow
path between the first module opening and the second module
opening.

13. The method of claim 12, wherein the removable resis-
tance module 1s selectably mserted 1nto the circuit at least in 10
part by releasably engaging the first module opening with the
first opening of the conduit or the conduit interface opening of
the intertace appliance.

14. The method of claim 13, wherein the removable resis-
tance module 1s further selectably inserted into the circuit at 15
least 1n part by releasably engaging the second module open-
ing with the second openming of the conduit.

15. The method of claim 12, wherein the circuit further
comprises a connection module that connects the flow path
formed by the conduit with the flow path formed by the 20
interface appliance, the connection module forming one or
more exhaust openings configured to exhaust gas exhaled by
the subject from the circuit, the connection module having a
third resistance to gas tflow, and wherein the overall resistance
to gas flow within the circuit 1s a function, at least in part, of 25
an aggregation of the first resistance, the second resistance,
the third resistance, and the predetermined supplemental
resistance.
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